This paper reports on the results of three experiments based on the neoclassical theory of consumer behavior. All these experiments were carried out with the aim of simulating real-world behavior. Nonparametric tests, applying the theory of revealed preference, show that a significant number of individuals exhibit inconsistent behavior. If nearly optimizing behavior is postulated, then most of these inconsistencies disappear, but random choices produce almost the same results. The hypothesis of a representative consumer (statistical average behavior) seems a more fruitful approach.
Introduction
Controlled experiments of individual decision-making under certainty are rare. This is very surprising given the central place of the neoclassical model of consumer behavior in economics.
The first empirical tests of consumer behavior were generally favorable to the theory. Later estimations with flexible functional forms provided evidence contrary to the homogeneity and symmetry conditions. Subsequently, Varian (1982) implemented a simple test of consumer behavior based on the theory of revealed preference. When this nonparametric test was applied to the data that had been used for the estimation of flexible functional forms, the evidence that these data could have been generated by a utility-maximizing consumer was much stronger. The negative results with flexible forms would seem to be due to the approximation.
Varian was aware that the conclusions of a test based on the theory of revealed preference can be misleading if budget sets do not intersect. Indeed, any model which satisfies the budget constraint is consistent with these data.
With controlled experiments, we can achieve a high power test and, at the same time, satisfy all the hypotheses of the theoretical model. Artificial conditions should be kept at a minimum in order to simulate as closely as possible real behavioral conditions.
An experiment with actual consumption of the goods chosen was recently carried out by Sippel (1997) . 1 Students of law or economics were paid DM 25 to participate in a laboratory experiment implying a choice among eight goods in 10 different budget situations. One of the 10 bundles of goods was drawn at random and consumed on the spot.
In a first experiment, 12 subjects had to fill out 10 order sheets and then spend 60 min to consume the goods. The choices of 11 subjects out of 12 did not satisfy the strong axiom of revealed preference. Only seven subjects (58.3%) satisfied the generalized axiom of revealed preference.
In a second experiment with 30 students, Sippel (1997) implemented a Slutsky-type compensation for the price changes. In this case, 22 subjects (73.3%) did not satisfy the strong and 19 (63.3%) the generalized axiom of revealed preference. While Sippel's experiments are a great improvement on previous studies, they are not as close as desirable to the behavior of a regular consumer. In particular, all the goods had to be consumed in the laboratory within a limited period of time (1 h).
In this paper, we report the results of three experiments with a total of about 450 individuals. Real goods, real money and the same incentives as in real conditions were used.
The paper is set out as follows. Section 2 provides the theoretical framework of the nonparametric tests which are used to check if the data are consistent with utility maximization. In Section 3, the real power of these tests is appraised using a model of random choices. The experiments and their results are presented in Section 4. Finally, Section 5 offers some concluding remarks.
Theoretical framework
It can be proved that a set of data is consistent with the model of utility maximization if, and only if, it satisfies the generalized axiom of revealed preference (GARP, see Varian, 1982, p. 947) . This axiom allows multivalued demand functions, whereas the more common strong axiom of revealed preference (SARP) requires single-valued demand functions.
When we use real data, we have to be careful in applying the test of revealed preference. Indeed, a difference of just one cent (of a franc or dollar) between the costs of two bundles is enough to reject the neoclassical model of consumer behavior. Moreover, a 'nearly optimizing behavior' might be more appropriate for an individual consumer. Therefore, it is worthwhile using a weaker test.
Let 
The power of the test
It is important to analyze the data before checking for consistency with preference maximization because, if there are no budget set intersections, it is impossible to find violations of GARP. Every chosen bundle of goods which exhausts the budget is consistent with GARP. The power of the test is zero. Bronars (1987) calculates the approximate power of the test by using random consumption data which exhaust the budget set. The data are obtained with an algorithm which generates random budget shares. His second algorithm computes the budget shares as follows:
where z i are independent and identically distributed (i.i.d.) uniform random variables. Budget shares are multiplied by total expenditure and divided by the prices of the corresponding goods to obtain random consumption data. The percentage of times that GARP is rejected indicates the power of the test. Table 1 shows the power of the test when prices and total expenditure are those of our second experiment (see below). These figures were obtained using 1000 random consumption data. The first line of Table 1 implies that GARP is not satisfied with random choices. The power of the test is very high. One can accept the model of utility maximization if the data satisfy this test. The hypothesis of a 'near-optimizing behavior' is much more difficult to test. If a waste of five percent of the income is considered as an acceptable error, then it becomes very difficult to discriminate between a random choice and a utility-maximizing behavior (56.8% of the random choices are considered as consistent behavior). A low value of this approximate test means that it is very unlikely to find violations of GARP.
The experiments
In a first experiment, we recruited 20 students attending a micro-economics class. The theory of revealed preference was one of the topics of the course. The students had to choose among eight goods in 20 different budget situations. We told them that we wanted to simulate the behavior of a consumer going to 20 different stores with a given amount of money to spend in each store. As an incentive to participate in the experiment and to behave as real consumers, we informed them that they would receive one of these bundles of goods.
The amount of money to spend in each store varied between SF 30 and 40. Therefore, the value of the chosen bundle of goods was about SF 35 (US$ 23).
We chose eight goods (milk chocolate, salted peanuts, biscuits, text marker, ball-point pen, plastic folder, writing pad and 'post it') that could interest the students and were not too difficult to hand out.
The instructions for the experiment were then distributed. 3 To participate in the experiment, the students had to go to the computer center and use a program based on the EXCEL spreadsheet. To facilitate the computations, we prepared a program, written in visual basic, with 20 spreadsheets corresponding to the different stores to visit. The subjects had to fill out the quantities bought in each store. All the information was available on the screen, in particular the price of each good.
In the first store, the prices were those of a grocery store. The prices in the other stores were increased or decreased in order to have a maximum number of budget intersections.
The program checked the values selected and informed the participants if the budget constraint was satisfied or not and the amount left, if any. After the quantities in the 20 stores were chosen, the program recorded in a file all the choices of the subject and his name. Table 2 shows the results of the test. With 25 percent of inconsistent subjects, we obtain better results than in previous experiments. Taking a course in micro-economics may improve the behavior of the subjects. Nevertheless, it would be wrong to assume, without reservations, that the neoclassical model describes the behavior of every consumer. A possibility to solve the problem is to accept some kind of errors on the part of the consumer. Indeed, with an efficiency index of 0.95 all the subjects are consistent, but the power of the test is just 0.432. Hence, it is premature to draw a conclusion for these five subjects. Without transaction costs, the best behavior is to buy in each store only the relatively cheapest goods and then exchange or sell them to get the desired quantities. We did not observe such a behavior, but after the bundles of goods were distributed, some participants exchanged their goods.
The subjects of our second experiment were business students. We wanted to find out if our results were robust by allowing a large number of participants. The instructions for the experiment were distributed to about 500 students and 100 subjects participated in the second experiment. As set with the first experiment, they had to go to the computer center and use a program based on the EXCEL spreadsheet. Half of the goods used in the first experiment and the prices were changed. 4 The amount of money to spend in each store varied between SF 42 and 56. Therefore, the value of the chosen bundle of goods was about SF 48 (US$ 32).
In spite of the computer warning signal, four subjects exceeded the budget constraint by more than one percent. On the other hand, 47 subjects spent less than 99 percent, but more than 95 percent of the amount available in at least one store. 5 The expected value of the residual amount was just 2.4 cents. Hence, the incentive to use the available amount to the last penny is not very high. Indeed, some students did not bother to spend much time for such small amounts.
We would have encountered the same problem even if all the goods chosen had been distributed. There is always a last penny to be spent. Moreover, we do not know all the motivations of the participants. Several experiments with the ultimatum bargaining game show that an increase in the financial stakes does not alter the conclusions (see Slonim and Roth, 1998) . Some participants complained that the experiment was too long. We found that only 16 subjects spent less than 99 percent of the amount available in the first store. Actually, there is a decrease in motivation to use all the available amount.
If satiety is excluded, the residual amount should not exceed the price of the cheapest good. This is the case for half of the participants. However, for most of the goods fractional quantities were allowed in order to arrive as close as possible to the available amount. The residual amounts of 14 students satisfied this condition. We think that it would be wrong to enforce strict observance of the budget constraint. The consumers have only a rough idea of budget constraint. They often pay their purchases with a credit card. Normally, they do not spend all the money they have in their purse. Moreover, it is very easy to give an example of inconsistent behavior as a consequence of strict observance of the budget constraint.
A tourist buys a bottle of Coca-Cola and two sandwiches when their prices are, respectively, SF 3 and 7. He then arrives at the airport with SF 14 in coins. He wants to spend the whole amount because the coins are worthless outside the country. The prices of the two goods are SF 5 and 4, respectively. In order to spend SF 14, he has to buy two bottles of Coca-Cola and a sandwich. This implies inconsistent behavior. If we require that all the money must be spent, we force the consumer to behave inconsistently. Consistent behavior would be to continue buying a bottle of Coca-Cola and two sandwiches even if all the coins are not used.
Hence, we think that the best solution is to consider the amount spent in each store as the effective budget constraint of the participant. Indeed, inconsistent behavior is more frequent among the subjects that strive to seek the combination of goods which satisfies the budget constraint (57% of inconsistent subjects among the 14 participants with strict observance of budget constraint). 6 A similar result will be reported below.
The changes in the power of the test, due to the use of the amount spent as the new budget constraint, were insignificant. The average power was 0.989 for e=1 (instead of 0.994) and 0.431 for e=0.95 (instead of 0.432). Table 3 presents the results. The inconsistent subjects were 44 and a difference of five percent is not enough to account for a 'near-optimizing behavior'. 7 If we take the first 10 stores, we obtain 26 inconsistent subjects, but the average power of the test is only 0.770 instead of 0.989.
In the second experiment, we also wanted to test if the individual demands were homogeneous of degree zero. The prices of store 17 and the amount of money available there were 25 percent higher than those of store 12. The test requires that the consumer spends exactly all the available amount of money since both prices and income must be multiplied by the same factor. Only in four of the 39 cases, where this condition was fulfilled, was the hypothesis accepted. 8 The average angle between the consumption vectors in stores 12 and 17 was 20 • . We have here a striking example where a hypothesis may be valid for a representative consumer, but is clearly not verified for the individual consumer.
In order to facilitate the awarding and, at the same time, to test the superiority of money over goods, we let the participants choose between SF 50 and the bundle of goods they selected in one of the stores drawn at random. In a letter we asked the participants if they wanted to buy themselves the bundle of goods. As expected, all the subjects preferred to do so and receive SF 50 even if in 16 cases the goods were worth more than SF 55. This behavior does not mean that the subjects did not maximize their utility, because the eight goods are only a very small part of all available goods. This result is very robust and confirms a classical statement found in every textbook: to give money is always better than giving goods as in a food stamp program.
Moreover, to give a choice between money and goods does not mean that we disappointed the subjects, because the choice set was enlarged. The participants were interested in the results of our experiment. Of course, we were fully aware that we could not use the subjects for a new experiment.
The great majority of the subjects used in experimental economics are students just because it is easier to recruit them. However, the behavior of a student may not correspond to that of the vast majority of consumers. 9 To analyze the behavior of experienced consumers, we put an announcement in a magazine for consumer affairs (40 000 circulation copies). There were 434 consumers interested in our experiment. We sent the instructions to these consumers. In this experiment, it was not possible to use our computer program. Hence, we prepared a questionnaire where the participants had to write down their choices. A table with all the prices and the amounts available was enclosed so that one could see at once all the relevant data as in a perfect information case. Moreover, in each store the list of goods whose prices had increased or decreased with respect to those of the previous store, was also given. We changed some of the goods to take into account the tastes of these consumers. 10 The prices and the available amount of money were those of our second experiment.
Without a computer, it is more difficult to satisfy the budget constraint. Since most of these participants were not familiar with computers, a questionnaire was the best instrument to use in this experiment.
The number of returned questionnaires was 320. As expected, the budget constraint was more often exceeded in this experiment. With four percent of the subjects, the difference was in some cases beyond 10 percent of the amount available. On the other hand, 12 percent of the participants did not use more than 10 percent of the amount available in at least one store. 11 The majority of the participants (62%) spent (in at least one store) less than 99 percent, but more than 90 percent of the amount available.
Only two subjects did not use more than 10 percent of the amount available in the first store. As in the previous experiment, we found a decrease in the motivation to use all the available amount. If satiety is excluded, the residual amount should not exceed the price of the cheapest good. This was the case for 90 participants. However, for most of the goods fractional quantities were allowed in order to arrive as closely as possible to the available amount. The residual amounts of 40 consumers satisfied this condition.
From the many comments received, we are convinced that the participants did their best to satisfy the budget constraint. Of course, we could have helped them with an interviewer and a computer program, but our aim was to simulate real behavior with the consumers. We did not want to interfere with their choices. Moreover, we wanted to check if there was a difference with respect to the second experiment.
For the same reasons as those given for the second experiment, we take the amount spent in each store as the effective budget constraint of the participants. Changes in the power of the test, due to the use of the amount spent as the new budget constraint, were insignificant. The average power was 0.989 for e=1 (instead of 0.994) and 0.428 for e=0.95 (instead of 0.432). Table 4 shows the results of the test. The inconsistent subjects were 101 (32%). 12 This percentage places itself between the value obtained in the first and that of the second experiment.
If we take the first 10 stores, we obtain 67 inconsistent subjects, but the average power of the test is only 0.767 instead of 0.989.
The uniformity of the results of these and other experiments is striking. A significant number of subjects behave inconsistently. Therefore, we can conclude that it is wrong to assume that all individual consumers have a utility maximizing behavior.
With an efficiency index of 0.95, only 2% of the subjects show inconsistent behavior. However, as Table 1 shows, the power of the test is not very high in this case.
As in the previous experiment, the percentage of inconsistent subjects (56.3%) is greater among the 32 consumers with strict observance of budget constraint.
The validity of our results can also be tested with a sensitivity analysis. We perturbed the expenditure on each good using 1000 i.i.d. uniform random variables with a mean deviation of SF 0.50. Only 20.6 percent of the inconsistent subjects became consistent, whereas 90.1 percent of the consistent subjects remained consistent.
As in the second experiment, we were able to test if the individual demands were homogeneous of degree zero. The hypothesis was accepted in four of the 116 cases when all the available amount of money was spent. 13 The average angle between the consumption vectors in stores 12 and 17 was 20 • .
We chose the same awarding as in the second experiment. As expected, 96.6 percent of the subjects preferred to receive SF 50, even if for 32 percent of the participants the goods were worth more than SF 55. Ten of the remaining subjects eventually accepted to receive SF 50. The reason given to prefer the goods was that they just wanted to carry on the experiment to the end.
Most of the subjects were proud to participate in an experiment to study the behavior of consumers. They wanted to know the main results and their motivation was very high. Even if in the end they chose to receive the money, they did not feel at all disappointed. Some of the participants asked to be kept in the panel for further experiments.
If we apply a normative interpretation to the neoclassical model, we could say that the inconsistent consumers should be prepared to correct their errors. We did not test this hypothesis because we expected that the majority of these consumers would answer that they felt indifferent as to their choices and the corrected bundles of goods.
A more promising solution of this problem is the rehabilitation of the hypothesis of the representative consumer as a statistical average behavior.
The neoclassical model of consumer behavior was never intended to describe the behavior of 'an actual person, the Mr. Brown or Mr. Jones who lives round the corner' (Hicks, 1956, p. 55) . The demand function of Mr. Brown may be very special or idiosyncratic and without any analytical interest.
The difference between economics and psychology is that economics is not interested in the behavior of an individual consumer per se, but only inasmuch as he represents the behavior of a significant group of individuals.
In this way, we can define the representative consumer as the hypothetical individual whose behavior corresponds to the average behavior of a group of consumers with the same income and prices. 14 The heterogeneity of preferences should make the aggregate behavior more regular (see Grandmont, 1987 ) and the individual errors should be canceled out on average.
The data of our three experiments confirm this hypothesis. The behavior of all these three average consumers is consistent. This statistical regularity is very interesting given the well-known negative theoretical results 15 (see Shafer and Sonnenschein, 1982) .
Appendix A shows the mean budget shares of the representative consumer, their standard deviations and the highest standard deviations for the individual participants. As expected, the variations of the budget shares of the representative consumer are more regular and less abrupt.
Concluding remarks
This paper shows that the behavior of a significant number of individual consumers is inconsistent with the neoclassical model, at least in its textbook or naïve form. The results of these and other experiments cast serious doubts on the careless use of this model. However, we often forget that the neoclassical model was never intended to describe the behavior of any individual consumer. The consumer of the theory is an ideal individual whose behavior is meant to correspond to that of a group of consumers with the same income and confronted with the same prices.
The results of our three experiments confirm this hypothesis. The data for the average or representative consumer support the neoclassical model of consumer behavior. 16 It would be interesting to test, given similar negative theoretical results (see Kirman, 1992) , if the utility function of the representative consumer can be used as a measure of welfare for society at large.
